[1] Channeled lava flows, hundreds of kilometers long, are common on the lower flanks of the Tharsis Montes on Mars. Our analysis of a 690-km-long lava flow along the southwest perimeter of Ascraeus Mons shows that it was emplaced on low local slopes (<0.3°), with a deep channel ($20 m), and at high effusion rates (19,000-29,000 m 3 /s) calculated from the Graetz number. These parameters are similar to conditions needed to yield rapidly emplaced terrestrial flows >100 km in length, but the maximum effusion rates necessary on Earth are essentially the minimum for Martian flows. On the basis of our calculated effusion rates, the eruption duration was 3 to 7 Earth months, assuming a constant effusion rate and continuous eruption. The morphology of the Ascraeus Mons flow shows similarities to terrestrial and simulated channeled flows. Downstream changes in morphology resemble those observed in the 1907 flow, Mauna Loa Volcano, Hawaii and channeled polyethylene glycol (PEG) flows. Braided sections of the channel in the Ascraeus Mons flow contain islands which are hundreds of meters across and resemble features observed in the 1907 and 1984 flows on Mauna Loa Volcano. Crosscutting relationships suggest islands in the proximal section were shaped by thermal and mechanical erosion, whereas islands in the medial section are inferred to be material rafted by surges of lava through the channel. Overall, understanding the morphology of long lava flows on Mars is essential to the interpretation of their emplacement and constraining eruption conditions in the saddle regions of the Tharsis volcanoes.
Introduction
[2] Lava channels are common volcanic features and an efficient means of quickly transporting large volumes of material several kilometers, as documented for historic eruptions on Earth. For example, the Honokua flow traveled 24 km in 3 hours during the 1950 eruption of Mauna Loa Volcano, Hawaii [Macdonald and Abbott, 1970] . Channeled lava flows on Mars commonly extend tens to hundreds of kilometers and have been documented in the Tharsis and Elysium volcanic regions [e.g., Zimbelman, 1985 Zimbelman, , 1998 Mouginis-Mark and Tatsumura-Yoshioka, 1998; Baloga et al., 2003] . The immense scale of these Martian flows surpasses the longest known channeled lava flows documented in historic eruptions on terrestrial subaerial volcanoes; for example, the $51-km-long lava flow, 1859 eruption, Mauna Loa Volcano, Hawaii [cf. Rowland and Walker, 1990] . Terrestrial tube-fed compound flows as well as continental flood basalts are hundreds of kilometers long [e.g., Atkinson et al., 1975; Self et al., 1997] , but these tend to form by the coalescence of lobes in broad flows or follow a preexisting valley rather than being confined within a narrow flow bounded by levees formed during emplacement. Despite their greater flow lengths, channeled lava flows on Mars have similar morphologic features to terrestrial lava channels [e.g., Carr and Greeley, 1980] .
[3] Here, we document the morphology and emplacement parameters of a 690-km-long, channeled lava flow found in the topographic saddle between Ascraeus and Pavonis Montes on Mars (Figure 1 ) [Zimbelman, 1998 ], referred to herein as the Ascraeus Mons flow. Data from Mars Orbiter Laser Altimeter (MOLA) [Smith et al., 1998 ], Mars Orbiter Camera (MOC) [Malin et al., 1998 ], and the Thermal Emissions Imaging System (THEMIS) [Christensen et al., 2004] are used to revise a preliminary analysis by Zimbelman [1998] that was based exclusively on Viking Orbiter (VO) data. High-resolution ( 32 m/pixel) images from MOC and THE-MIS have revealed details that warrant further study of the flow (Table 1) . Our goal is to analyze the morphology of the Ascraeus Mons flow, detail specific flow features, and interpret its emplacement.
[4] Ascraeus Mons, one of four large Tharsis volcanoes, measures 375 km wide, 870 km long, and 15 km high [Plescia, 2004] . Previous studies of Martian lava flows have focused on rheology and emplacement. Zimbelman [1985] analyzed Ascraeus Mons summit flows lavas from VO images and determined average yield strengths (2.1 Â 10 4 Pa), effusion rates (35 m 3 /s), and viscosities (2.3 Â 10 4 Pa s) comparable to those of terrestrial basaltic to basaltic-andesite lavas. Those flows, which are 8-19 km long, are shorter than, and emplaced at a different location (summit versus saddle), from the Ascraeus Mons flow studied here. The viscosity of a nearby $500-km-long lava flow originating from Pavonis Mons was determined to increase an order of magnitude along the distal 175 km of the flow [Baloga et al., 2003] . Martian lava flows exhibit a greater increase in viscosity along the flow length and with time than in terrestrial flows for given eruption conditions [Glaze and Baloga, 1998 ]. Rowland et al. [2004] showed that flow lengths on Mars would be shorter than on Earth for a given volumetric flow rate and the respective environments for each planet based on results from the computer model FLOWGO [Harris and Rowland, 2001] . Therefore, when applying equations derived from, and originally applied to, terrestrial lava flows [cf. Pinkerton and Wilson, 1994] to Martian lava flows, results for effusion rates and emplacement durations will be minimum values. Dimensionally, Martian and terrestrial lava flows have the greatest fluctuations in flow width within the proximal section and exhibit a widening at the transition from the channeled to nonchanneled portion [Peitersen and Crown, 1999] .
[5] We compare the Ascraeus Mons flow to: the Mana flows on Mauna Kea Volcano, Hawaii; the 1907 flow, Mauna Loa Volcano, Hawaii; and a series of channeled polyethylene glycol (PEG) flows with respect to overall flow morphology, flow thickness, and island structures within the channel. The field work by others between 2004 and has been used to constrain the emplacement parameters of the two Hawaiian flows and the potential eruption hazards for residents living along Mauna Loa's southwest rift zone (J. R. Zimbelman, W. B. Garry, A. K. Johnston, and S. H. Williams, Precision topography applied to an evaluation of the emplacement of the 1907 Mauna Lao basalt flow, Hawaii, in review, Journal of Volcanology and Geothermal Research, hereinafter referred to as Zimbelman et al., in review) . A Trimble R8 Differential Global Positioning System (DGPS), consisting of a stationary base and roving receiver (horizontal accuracy: $1 -2 cm; vertical accuracy: 2-4 cm), was used to collect precise topographic data of the two Hawaiian lava flows. The 1907 flow erupted over a period of 15 days [Barnard, 1990; Barnard, 1995] , covers an area of 25.1 km 2 , and has an estimated volume of 86.6 million m 3 based on the mapping of IKONOS images (2 m/pixel) and flow thicknesses obtained from topographic surveys (Zimbelman et al., in review) . The Mana flows are benmoreite a'a flows emplaced in the Pleistocene (65 -14 ka) [Wolfe and Morris, 1996] on the north flank of Mauna Kea Volcano. The majority of the flows are covered by grass and several centimeters of soil, but outcrops do exist. On Mars, alkaline volcanic rocks are present in the Columbia Hills in Gusev Crater [McSween et al., 2006] .
[6] Researchers have used PEG extensively to simulate lava flows in subaerial, submarine, and extraterrestrial environments [e.g., Griffiths, 1990, 1998; Griffiths and Fink, 1992a , 1992b , 1997 Gregg and Fink, 1995 Blake and Bruno, 2000; Griffiths et al., 2003; Lyman et al., 2004; Anderson et al., 2005; Garry et al., 2006] . PEG is used for its dynamic properties and its temperaturedependent viscosity [Fink and Griffiths, 1990] . The various morphologies that form when PEG flows solidify resemble natural lava flow morphologies [e.g., Fink and Griffiths, 1990; Gregg and Fink, 1995, 2000; Griffiths et al., 2003; Garry et al., 2006] . Channeled PEG flows exhibit comparable physical and morphologic features to subaerial channeled flows [Garry, 2006] . We expect the downstream changes in flow width and channel width of the Ascraeus Mons flow to be similar to both channeled PEG flows and terrestrial flows even though they all have dramatically different length scales (centimeters to hundreds of kilometers).
[7] The laboratory setup used for the simulation of channeled flows is modeled after that of Fink and Griffiths [1990] . Simulations are conducted by pumping warmed ($22-26°C) PEG at a constant effusion rate ($4 -6 mL/s) into a tank filled with a chilled ($6 -12°C) sucrose solution. PEG solidifies at $18.5 -20.0°C. Effusion rate is constant during the experiment. Dye is added to the clear, colorless PEG to add visual contrast between liquid and solid material. The slope of the tank floor is adjustable, and the flows presented here were emplaced on slopes of 8°and 12°, which are conducive for channel formation in PEG flows. Though the PEG experiments were conducted on slopes steeper than observed in the volcanic plains surrounding Ascraeus Mons, the results are still qualitatively applicable to lava flows formed on lower slopes [Gregg and Fink, 2000] , including the Ascraeus Mons flow. A wire mesh covers the tank floor to prevent slipping of the PEG on the Plexiglas surface. Flow length and width are constrained by the tank dimensions (70 cm long, 28 cm wide) and therefore limit the flow volume to <2000 mL. Durations for the experiments were <400 s.
Ascraeus Mons Lava Flow
[8] The flow we investigate here extends around the southwest perimeter of Ascraeus Mons (Figure 1 ) in an [Scott et al., 1981] . The local underlying slope averages $0.3°, measured in Gridview [e.g., Roark et al., 2000] , an IDL-based program, using MOLA gridded data (128 pixels/degree). A mosaic of THEMIS daytime infrared (IR) images [Christensen et al., 2006] provides a view of the entire flow at a resolution of 100 m/pixel (Table 1 and Figure 2 ). Each THEMIS daytime IR image was processed and projected using the Integrated Software for Images and Spectrometers (ISIS) [e.g., Torson and Becker, 1997; Gaddis et al., 1997; Anderson et al., 2004] from the U.S. Geological Survey. A map of the flow is presented in Figure 3a . Surface details of the channel and levees are observed in MOC images (4.5 -6.5 m/pixel) and THEMIS visible images (19 m/pixel) ( Figure 3b ). Flow thicknesses were measured in topographic cross sections and from shadow measurements. All topographic cross sections are perpendicular to flow direction and were created in Gridview. We refer to the flow in three sections 
Flow Dimensions
[9] The total measured flow length is $690 km (Table 2) , of which 444 km are channeled. The revised mapping of the flow margins yields a flow length 210 km greater than that mapped by Zimbelman [1998] . This flow length is a minimum because the exact location of the vent has not yet been identified, but is suspected to be along the saddle region between Ascraeus and Pavonis Montes. The uppermost part of the channel ends abruptly as observed in THEMIS IR image I18688010 ( Figure 5 ). This indicates that the source area for the channel may have been roofed over during the eruption or covered by a younger flow. We do not see any evidence that the source of the Ascraeus Mons flow is related to a channel that terminates at the same juncture, but whose flow direction trends nearly perpendicular to the Ascraeus Mons flow. Flow widths and channel widths are measured at 10-km intervals ( Figure 4 ). Flow width ranges from 0.6-38.6 km, with an average of 8.0 km (±7.6). The channel width spans 0.3 -2.9 km, but is typically <1.0 km (±0.5). The widths of the levees vary between 0.3 -6.2 km, and average $2.1 km (Table 2) . Topographic cross sections from MOLA gridded data reveal flow thicknesses 115 m, whereas shadow measurements of the flow margin in the medial section of the flow yield thicknesses of 32-66 m (Table 3 ). These agree with flow thicknesses of 30-100 m calculated from shadow measurements of VO images [Zimbelman, 1998 ]. The flow covers an area of $6200 km 2 and, assuming an average flow thickness of 50 m, has an estimated volume of $310 km 3 (Table 2) . ''islands'' that define the braided sections are oval and teardrop-shaped, 0.3 to 3.0 km in length, 0.2 to 1.0 km wide, and $10 to 20 m in relief (Table 3) . A complex relationship between the primary channel and local rivulets is observed (Figure 6a ). The primary channel crosscuts rivulets oriented oblique to the flow direction, whereas a section of a narrow (<100 m) rivulet bisects an island within the channel.
[11] A dome, 16 by 31 km wide and $70 m tall with a summit crack 5 km long and 650 m wide, marks the boundary between the proximal and medial sections. The flow width increases abruptly to $2.9 km as the flow approaches the dome structure (Figures 3, 4 , and 8a), and the channel and levees are observed along the dome's northern perimeter in both topographic cross section and a THEMIS visible image (Figures 7c and 8b ).
Medial Section: $70 -500 km
[12] Downstream of the dome, the Ascraeus Mons flow is characterized by a well-defined channel, flow margin, and levees ( Figure 9) . Texturally, the channel appears as a monotone shade of gray and has a relatively featureless surface at these resolutions, on the basis of lack of shadows (Figure 9c ). In contrast, the levees in the medial section are interspersed with topographically high materials (we refer to these as mounds) that are 12 to 19 m long and have a relief of 20 to 30 m, on the basis of shadow measurements (Table  3 and Figure 9c ). Aeolian processes are evident from wind streaks and dunes. Superposition by aeolian deposits obscures some of the natural flow features. The channel is commonly <1 km wide, and the flow ranges in width from 1.5 to 10.5 km (Figure 4 ). Increases in channel width correspond to the presence of islands in the channel (Figure 10 ). These islands are 45 to 100 m in relief, comparable to thickness measurements of the flow margin (Table 3 ). The channel is not apparent along $48 km of the flow length, except in a 7-km-long interval where it reappears ( Figures 3a and 4) . The distinct disappearance and reappearance of the channel are observed in THEMIS visible images (Figure 9 ). A THEMIS visible image ( Figure 11b ) and a topographic cross section (Figure 11c (Table 3) , present at the transition from the medial to the distal section (Figure 15a ) are inferred to reflect margins of individual lobes. Parallel, linear ridges define a preferred pathway 1.5 to 3.5 km wide, but not a consistent channel along the length of the distal section (bottom of Figure 15b ).
Morphologic Analogs

Downstream Changes in Flow Dimensions
[14] Ten topographic DGPS profiles across the eastern lobe of the 1907 Mauna Loa flow reveal a downstream increase in both flow width (200 to 510 m) and channel width (15 to 222 m) (Zimbelman et al., in review) . The DGPS profiles and corresponding IKONOS images indicate a prominent single channel in the proximal section of the eastern lobe which bifurcates into overlapping limbs in the medial section. The character of the levees changes from a smoothed, almost frothy pahoehoe surface with near vertical channel walls in the proximal section to a sequence of deformation levees composed of a'a in the medial section. The channel diffuses into a series of radial lobes at the flow front.
[15] Channeled PEG flows show a similar transition in morphology. The width of the flow, channel, and levees were measured at 2-cm intervals in still images of five PEG flows (Table 4 and Figure 16 ). Each image analyzed shows the flow at maximum flow length (70 cm), except for one flow (BG-97), which, at the time the image was taken and the vent was plugged, had only reached 60 cm. We observe the following trends in the graphs of the PEG flows: (1) Flow width near the vent remains constant or increases moderately, with a pronounced increase beginning $20 cm downstream from the vent. (2) Fluctuations in channel width tend to mimic the increases or decreases in overall flow width. (3) Levees are narrower than the channel, except in one simulation (BG-97). (4) Levee width follows the following two main patterns: Fluctuations in levee width mimic each other (for example, increase in left levee and right levee width) or are opposite (for example, decrease in left levee when there is an increase in right levee). We recognize that the PEG experiments are conducted at constant flow rates and on constant underlying slopes for a short duration. Eruptions of natural flows experience fluctuations in effusion rate [e.g., Wadge, 1981; Lipman and Banks, 1987] , changes in underlying slope, and variable topography (for example, hills, valleys).
Flow Thickness
[16] Two limbs of the Mana flow contrast in final flow morphology (Figure 17a ). The western limb (Figure 17a ) has rolling surface folds with a wavelength of $50 m and the level of material in the channel is similar to the levee height, whereas the eastern lobe has highstanding levees and a low-lying channel floor. Levees in the eastern limb are 30 to 35 m thick, the channel is 120 m wide, and the flow is 425 m wide (Figure 17c and 17d) on the Mana flow. In contrast, flow width and channel width are drastically different for the two flows; however, the Mana flow demonstrates that levee heights of tens of meters are possible for terrestrial, silica-poor lava flows.
Channel Islands
[17] Island features observed in the IKONOS images were documented in the field because they resemble similar features observed in the Ascraeus Mons flow. One of the islands is $50 m long, 20 m wide, and 5 -15 m in height, on the basis of DGPS topographic profiles (Figure 18 ). The plan view shape is oblong with the major axis parallel to flow. The material at the top of the island is dominantly a'a, while the sides of the island appear to have been ''smoothed over.'' A linear ''scar'' parallel to flow direction, $30 cm wide and $3 m long, probably caused by solid material scraping the side of the island, indicates that the level of the lava in the channel was near the top of the island. A'a material has been built up along the margins of the top of the island, creating a central low that has entrapped a lava ball $2 m in diameter. Islands were also observed in the 1984 flow on Mauna Loa Volcano and are associated with surge events of lava flowing down the channel. A mass of material is deposited as the surge wanes and is later streamlined by the flowing lava in the channel (J. Fink, personal communication, 2006) .
Discussion
Flow Morphology
[18] The changes in morphology along the length of the Ascraeus Mons flow are consistent with changes observed in channeled terrestrial, Martian, and PEG flows [Lipman and Banks, 1987; Peitersen and Crown, 1999; Garry, 2006] . Characteristics of the proximal zone in the Ascraeus Mons flow suggest a zone of stability with an established channel. The thickening of the flow in the medial section is consistent with a downstream change in rheology and a 
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response to previous topography, whereas the lack of channel formation in the distal section reflects a dispersed zone that we suggest is due to a decrease in flow velocity, increase in yield strength and viscosity, decrease in underlying slope, or a combination of these. The $48-km-long nonchanneled zone in the medial section could have been produced by the following three different processes: (1) The channel roofed over as observed in the formation of pyroducts (lava tubes) [e.g., Greeley, 1987] ; (2) late-stage lava stalled and solidified within the channel; or (3) a dam formed within the channel, causing the lava to back up.
[19] We interpret the island features in the proximal and medial section to have formed by different processes. Islands in the proximal section are thought to form by thermal and mechanical erosion and are discussed below. The islands in the medial section resemble the islands observed in channeled a'a flows on Mauna Loa Volcano. We infer that islands within the medial section of the Ascraeus Mons flow could have formed during surge events and are the remnants of material rafted downstream and eventually deposited within the channel based on observations by others of the 1984 flow and our observations of the 1907 flow on Mauna Loa Volcano. During the 1984 Mauna Loa eruption, formation of the islands in the channel coincided with surge events (J. Fink, personal communication, 2006) . Channel crust, lava balls, and collapse of the levees can form dams within the channel, and surges form after lava breaks through these obstacles and the material is rafted downstream [Lipman and Banks, 1987] . The material is stranded within the channel as the flow velocity and level of the lava wane, and eventually, the deposit is eroded and streamlined by lava in the channel (J. Fink, personal communication, 2006) . Islands in the channel of the 1907 flow also show evidence of streamlining along the sides, indicating that they were most likely formed by a similar process.
Estimates of Channel Velocity, Effusion Rate, and Duration
[20] We use standard equations for calculating the channel velocity and effusion rate for the Ascraeus Mons flow. Channel velocity (v C ) is calculated using the Jeffrey's 
where r lava is the density of the lava (2000 -2600 kg/m 3 ), g Mars is the acceleration due to gravity on Mars (3.7 m/s 2 ), q is underlying slope (0.3°), d is channel depth (20 to 60 m), and h is the dynamic viscosity of the lava (10 3 -10 5 Pa s). Our assumed values for density and dynamic viscosity are based on previous studies of channeled lava flows on Mars [e.g., Zimbelman, 1985; Wilson and Mouginis-Mark, 2001; Baloga et al., 2003; Rowland et al., 2004] . Equation (1) assumes a Newtonian rheology, laminar flow, and that the underlying slope and channel depth remain constant along the flow length; on the basis of observations of terrestrial basalt flows on the Hawaiian shields [e.g., Lipman and Banks, 1987] , these are reasonable assumptions. We use channel depths of 20 to 60 m, which correspond to the flow margin thickness (Table 3) and channel depth in a topographic profile (Figure 7b [Lipman and Banks, 1987; Moore, 1987; Sakimoto and Gregg, 2001] . Though the values for channel velocity are similar, we must note that the estimated channel depth for the 1984 flow is 2 to 7 m [Lipman and Banks, 1987] , which is lower than our minimum estimate of channel depth for the Ascraeus Mons flow.
[21] The Reynolds number is used to determine if the style of flow is laminar or turbulent: Table 3 ). THEMIS visible image V02700003 (19 m/pixel). with laminar flow corresponding to Re <2000. The emplacement of the Ascraeus Mons flow was dominantly laminar based on our calculations of Re using the values assumed above and calculated channel velocities (Table 5) . The exception occurs with the lower density and dynamic viscosity values for channel depths of 50 and 60 m, where the Re values indicate turbulent flow. We feel that it is appropriate to disregard these values, because the lower density and viscosity values would most likely be associated with lava flowing through the proximal section of the flow, where channel depth is $20 to 30 m. By the time lava has reached parts the medial section, assuming channel depth is equal to the observed flow thicknesses of 50 to 60 m, an increase in both density and viscosity would most likely have occurred [e.g., Baloga et al., 2003] yielding Reynolds numbers in the laminar flow regime. Therefore we suggest that the Ascraeus Mons flow was emplaced by laminar flow, though turbulent flow may have occurred during surges of lava down the channel.
[22] We calculate the effusion rate by inverting the Graetz number (Gz) equation [Hulme and Fielder, 1977; Wilson and Head, 1983; Pinkerton and Wilson, 1994] :
where the Gz is assumed to be equal to 300 [Pinkerton and Wilson, 1994] , k is thermal diffusivity (7 Â 10 À7 m 2 /s) [Pinkerton and Wilson, 1994] , L is flow length, W F is average flow width, and h is average flow thickness. Empirical studies of basaltic lava flows on Hawaii and Etna indicate that the lava flows would stop when the value of the Graetz number was equal to 300 and crust thickness was 1/3 the flow thickness [Walker, 1973; Pinkerton and Sparks, 1976; Hulme and Fielder, 1977; Pinkerton and Wilson, 1994] . The equation is applicable to Martian lava flows because the equation is dependent on properties of the lava flow and not on the environment. Equation (3) can be applied to flows of more silicic composition [Pinkerton and Wilson, 1994] ; therefore, an assumption of a composition may not be critical. Use of the Graetz number assumes cooling-limited, laminar flow.
[23] Using an average flow width (8 km) and a range of flow heights (40 to 60 m) we calculate effusion rates between 1.9 and 2.9 Â 10 4 m 3 /s (Table 6) . These values are considerably greater than the maximum effusion rate observed for the 1984 Mauna Loa eruption ($800 m 3 /s) [Lipman and Banks, 1987] and estimations for the 1783-1784 Laki fissure eruption in Iceland (8700 m 3 /s) [Thordarson and Self, 1993] . We calculated effusion rates of the 1984 Mauna Loa flow using equation (3) and published values of the final flow dimensions (L = 27 km, h = 7 and 10 m, W F = 40, 50, and 60 m); these yield effusion rates of 23 to 49 m 3 /s, which are 1 to 2 orders less than initial eruption values. These results correlate with minimum effusion rate values observed $2 weeks into the eruption [see Lipman and Banks, 1987, Table 57.4] . This suggests that the calculated effusion rates for the Ascraeus Mons flow may similarly represent minimum values. Furthermore, effusion rates in terrestrial channeled flows fluctuate. The maximum effusion rate may occur at the eruption onset and then wane with time, or the effusion rate may pulse during the eruption. We suggest that it is unlikely that the Ascraeus Mons flow had a constant effusion rate based on observations of terrestrial flows [e.g., Lipman and Banks, Duration measured from the initial effusion from vent to the moment wax is cutoff.
c Ratio of timescale of solidification to timescale of advection [Fink and Griffiths, 1990] .
1987]. When we assume a constant effusion rate and continuous eruption, the Ascraeus Mons flow was emplaced in 99 to 223 Earth days, on the basis of effusion rates using equation (3). The short emplacement time of the Ascraeus Mons flow corresponds to channeled terrestrial lava flows which are associated with shorter duration and higher effusion rate eruptions [e.g., Rowland and Walker, 1990; Keszthelyi and Self, 1998 ].
Thermal and Mechanical Erosion in the Proximal Channel
[24] We argue that the observed morphology of the proximal section of the Ascraeus Mons flow may be a product of thermal and mechanical erosion. This section of the flow has no visibly distinct flow margin, but has a measured channel depth of 11 -35 m (Table 3) . We propose that the eruption began as a thin flow and formed a deeper channel by eroding the channel floor. Teardrop-shaped islands and the nested channel could have formed by either construction or erosion. One observation that supports an erosion origin of the islands (Figure 6a ) is a narrow (90 -100 m wide) rivulet that crosscuts one of the islands. The rivulet is interpreted to have formed prior to the eruption and was subsequently eroded by the Ascraeus Mons flow, with only a section of it preserved within the channel island. The precise relationship between the primary channel of the Ascraeus Mons flow and narrow rivulets oblique to flow direction cannot be constrained without higher-resolution images.
[25] The nested channel could have formed after a decrease in effusion rate and corresponding lava level within the channel. For example, a cross section of the 1984 Mauna Loa flow shows that a nested channel formed in the late stages of the flow [Lipman and Banks, 1987, Figure 57.18 H] . Lipman and Banks [1987] also infer erosion of initial base material from the flow as the channel matured. Evidence of thermal erosion in terrestrial flows is observed in basalt flows, but mainly in lava tubes [Swanson et al., 1972; Greeley et al., 1998; Kauahikaua et al., 1998] , where the flow is thermally insulated and is sustained for several months. We observed an inner channel along the medial section of the eastern lobe of the 1907 flow (see Table 4 . (b) Graph of the change in flow, channel, and levee width with distance. Measurements were taken at 2-cm intervals from the image in Figure 16a . Figures 17b, 17c , and 17d is interpreted to have diverted from the western limb (see Figure 17a ). The levees of the eastern limb are more prominent, because the majority of the lava drained out of the channel after the eruption ceased, whereas the channel on the western limb remained filled in.
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GARRY ET AL.: CHANNELED LAVA FLOW, ASCRAEUS MONS, MARS profiles 6 and 7, Zimbelman et al., in review), but the inner channel appeared to be a constructional rather than an erosional feature.
Requirements for a Long Lava Flow on Mars?
[26] Numerous papers have addressed the issue surrounding which factors control the length of lava flows [e.g., MacDonald, 1972; Walker, 1973; Malin, 1980; Pieri and Baloga, 1986; Wilson, 1994, Rowland et al., 2005] . Factors presented include viscosity, effusion rate, and erupted volume. Additional considerations were also made of underlying slope, changes in rheologic properties due to crystallization and loss of volatiles, variations in effusion rate, and rate of heat loss with distance. With so many different aspects of the lava flow and the environment to consider, what are the parameters necessary to achieve extraordinary flow lengths? Keszthelyi and Self [1998] determined criteria for the development of long lava flows in terrestrial subaerial environments and proposed two primary methods of emplacement as follows: rapid and insulated. Channeled lava f lows are inferred to fall under the rapid emplacement category. For a channeled, terrestrial, basaltic flow to reach >100 km, the following physical conditions are needed: effusion rates >200 to 17,000 m 3 /s, channel depths >2 -19 m, flow velocities 4 -12 m/s, low slopes <5°, and cooling of <0.5°C/km [Keszthelyi and Self, 1998 ]. What, then, are the requirements for a flow to reach lengths of hundreds of kilometers on Mars?
[27] We apply the requirements established by Keszthelyi and Self [1998] for long terrestrial flows to long lava flows on Mars. Results of numerical models by Glaze and Baloga [1998] and Rowland et al. [2004] suggest that a lava flow under a given set of eruption conditions would flow a shorter distance on Mars than on Earth. The smaller acceleration due to the gravity on Mars will not only result in a smaller flow velocity, but the amount of cooling over a specific distance will be greater than on Earth, increasing viscosity and producing a thicker flow [Glaze and Baloga, 1998 ]. From these basic assumptions, we can infer that the Ascraeus Mons flow would need to have a higher effusion rate and flow velocity than a hypothetical terrestrial flow of the same length. The range of the effusion rates that we calculated for the Ascraeus Mons flow are greater than those of observed subaerial terrestrial eruptions, but are of the same order of magnitude as the upper values suggested by Keszthelyi and Self [1998] necessary to achieve a long lava flow by rapid emplacement. We suggest that, to achieve flows of similar dimensions on Mars and Earth, the effusion rate for the Martian flow must be greater than that of the terrestrial flow because of a slower advance rate due to smaller acceleration due to gravity and the faster cooling rate (temperature decrease per kilometer of flow length) on Mars. This assumes a given underlying slope and initial properties of the lava. Further analysis of the morphology of additional long channeled lava flows on Mars will help to constrain emplacement conditions within the Tharsis region. A portion ($48 km long) of the medial section is nonchanneled, which we infer could be due to the roofing of the channel, the remnant lava that stalled and solidified in the channel, or the lava that was blocked by a dam and did not break through. Within the channel are islands which resemble flow structures observed in the 1907 and 1984 flows on Mauna Loa Volcano, Hawaii. The island structures in the terrestrial flows are associated with material that was rafted down by surges of lava and deposited and streamlined by lava that continued to flow past. We suggest that the islands observed in the medial section of the Ascraeus Mons flow may also be deposited and streamlined during surge events. Islands in the proximal section are interpreted to have formed by thermal and mechanical erosion based on crosscutting relations with local rivulets and the lack of a welldefined flow margin. Channel velocities (0.7 to 46 m/s) and associated Reynolds numbers indicate that the flow style was laminar. We have calculated minimum effusion rates of 19,000 -29,000 m 3 /s using an application of the Graetz equation. This yields possible eruption durations of 99 to 223 Earth days based on a range of flow volumes for the Ascraeus Mons flow, assuming a constant flow rate and continuous eruption duration. Eruption conditions to achieve long lava flows on Mars are similar to those suggested for terrestrial flows [e.g., Keszthelyi and Self, 1998 ], but Martian flows require greater effusion rates to achieve the same length of a terrestrial flow, assuming a given underlying slope and initial lava properties, because of the smaller acceleration due to the gravity on Mars. 
Summary
